Ethanol production in sugar cane juice in high initial sugar concentration, fermented by Z. mobilis in the presence and absence of ethanol, was evaluated. Ethanol production was low in both media. The presence of initial ethanol in the sugar cane juice reduced ethanol production by 48.8%, biomass production by 25.0% and the total sugar consumption by 28.3%. The presence of initial ethanol in the medium did not affect significantly levan production and biomass yield coefficient (g biomass/g sugar consumed).
INTRODUCTION
In Brazil, ethanol produced by sugar cane juice fermentation is used as fuel. The sucrose-based ethanol industry has traditionally utilised sugar cane juice due to its high sucrose content and wide cultivation. The utilisation of high initial sugar concentration in the wort is advantageous for the industry. However, ethanol produced during carbohydrate metabolism has been considered a major factor of cell stress, limiting growth, metabolic activity and ethanol production (7) .
The bacterium Zymomonas mobilis has been the focus of considerable research in recent years due to its great potential for use in large-scale ethanol production (4, 5, 16) . Ethanol and carbon dioxide are the main fermentation products of glucose, fructose or sucrose by Entner-Doudoroff metabolic pathway of Z. mobilis (10) .
Lopez et al. (13) have reported that the metabolic activity of Z. mobilis depends on the strain and on the carbon sources, while Diez and Yokoya (4) have mentioned that several by-products may be produced during fermentation of sucrose by Z. mobilis, such as: phenol, lactic acid, higher alcohols, acetaldehyde, methanol and levan. Levan is a polysaccharide of fructose produced when sucrose is fermented by Z. mobilis (1, 2) .
Literature data are not uniform with respect to the use of Z. mobilis in fermentation. Doelle and Greenfield (5) reported that the high initial sugar concentration in the medium resulted in long fermentation time to achieve high conversion efficiency. Favela Torres and Baratti (6) reported correlation between high substrate concentration and growth of Z. mobilis and found that the fermentation ended at pH 3.5. On the other hand, the use of high initial sugar concentration was described as a cause of incomplete utilisation of sugar (9, 23) . Nevertheless, there has been only few publications on sugar cane juice fermentation by Z. mobilis (5, 8, 17, 23) .
The objective of this work was to examine the effect of the presence of initial ethanol on production of ethanol in sugar cane juice fermented by Z. mobilis. Levan and biomass production were also examined. Inoculum: biomass, obtained in Medium II at 28ºC without agitation for 18h, was centrifuged. The cells were resuspended in Medium II and added for culture flasks with Medium I and Medium II to achieve a concentration of 0.2 mg of cells/mL.
MATERIALS AND METHODS

Microorganism
Fermentation procedure: the experiment was conducted in triplicates at 28ºC (using Media I and II) in a gyratory bath shaker operating at a speed of 180 rpm during 48h. The experiment had control flasks, with and without added initial ethanol (without inoculum).
Biomass was measured spectrophometically using Metrolab M 1700 spectrophotometer (Bernal, Argentina). A conversion factor (1.0 OD 605nm = 0.275 mg dry wt/mL) was obtained from a standard curve relating absorbance to dry weight, according to Peres and Laluce (19) . Determination of levan was as described by Dawes et al. (3) . Levan was separated by ethanol precipitation, centrifuged (4.700 x g/ 15 min) and hydrolysed in 1.0 M HCl at 65ºC for 30 min. The hydrolyzed solution was neutralized with 2.0 M NaOH and estimated as Reducing Sugar (RS).
TRS and RS were assayed by the Somogyi method (21) at 540 nm. Samples for TRS determination were obtained by hydrolysis in 1.0 M HCl, at 65ºC for 30 min, and neutralized with 2.0 M NaOH, and estimated as RS.
Ethanol analysis was performed using a CG-17A Shimadzu gas chromatograph(Kioto, Japan) with Dbwax column (30cm/ 0.25cm). The oven temperature was maintained at 60ºC with injector and detector temperatures at 150ºC and 250ºC, respectively. Ethanol was extracted with isopropanol. In the present study, the final pH values were 3.81 and 3.76 for Media II and I, respectively, and the fermentation ceased at 48h with high residual sugar concentration (residual TRS), which indicates incomplete fermentation (23) .
RESULTS AND DISCUSSION
The total sugar consumption in Medium II was 69.0g/L and 49.5 g/L in Medium I. The sugar consumed in Medium I was 28.3% lower than in Medium II. In this study, the sugar consumption (TRS consumption) in the fermentation for ethanol, levan and biomass production was calculated as a percentage of initial TRS, and the value for Media II and I were 45.4% and 32.6%, respectively. Moreau et al. (14) , using 3.0% of initial ethanol in the glucose medium, obtained reduction of 60-65% in glucose consumption. However, they have utilised a medium with low initial glucose concentration.
Ethanol conversion efficiency values of the total sugar (Conv. Effic. = 100.
[E]/0.511.TRSconsumption) were 82.3% and 55.9% for Media II and I, respectively. The addition of ethanol to the medium caused a slump of 25.0% in the conversion efficiency. The ethanol conversion efficiency obtained in Medium II is comparable to that obtained by Diez and Yokoya (4).
Ethanol production was unsatisfactory: in Medium II, it achieved 29.0 g/L, and the ethanol yield coefficient (Ye/s= g [E]/g consumed sugar) was 0.420. In Medium I, the ethanol production was 14.1 g/L (final -initial ethanol), and the ethanol yield coefficient was 0.285. In Medium I, there was 48.8% reduction in ethanol production when compared to Medium II. These results are in agreement with those reported in several other studies (8, 9, 23) .
Our result is also in agreement with Park and Baratti (17), who showed that the poor performance of Z. mobilis for ethanol production was due to the substrate (sugar cane juice and molasses). In addition, several mineral compounds present in sugar cane juice and molasses are known to be inhibitors of fermentation by Z. mobilis (12, 13) . However, the physiological effects of those mineral compounds on the growth are scarcely described in the literature.
Biomass production in Media II and I were, respectively 2.34 g/L and 1.75 g/L. A reduction of 25.0% in biomass value was found in Medium I when compared to Medium II. However, these values did not interfere in ethanol production because conversion of sugar consumption into biomass was 3. Several authors have reported levan production with reduction on ethanol production (10, 17) . Levan production in Media II and I was 1.72 g/L and 1.56 g/L, respectively. These values are very similar and low enough to indicate that the addition of initial ethanol had no influence in production of ethanol. These results are in agreement with Crittenden and Doelle (2) , who demonstrated that levansucrase, the key-enzyme in levan production, is not inhibited by ethanol.
Ethanol, levan and biomass production was responsible for 88.2% of total substrate consumption in Medium II and 62.6% in Medium I. This suggests that substrate was also used for formation of by-products such as methanol, acetaldehyde, phenol, lactic acid and higher alcohols. These by-products have been considered inhibitors of fermentation (9, 11, 12, 15, 22) . In sugar cane juice fermentation by Z. mobilis, carried out at a higher initial sugar concentration, the inhibition on ethanol production may be caused by both ethanol and by-products.
The results presented here showed that presence of 2.5% (v/v) initial ethanol in the medium diminishes biomass production, substrate consumption and ethanol production, yield and conversion efficiency, when sugar cane juice is fermented by Z. mobilis. However, the presence of initial ethanol did not interfere in levan production and biomass yield. Despite the presence of high initial sucrose and directly fermentable monosaccharides in the medium, they did not favour ethanol, levan or biomass production.
RESUMO Efeito da presença de etanol inicial na produção de etanol em caldo de cana-de-açúcar fermentado por
Zymomonas mobilis
Foi avaliada a produção de etanol em caldo de cana-deaçúcar com alta concentração de açúcar inicial, fermentado por Z. mobilis, na presença e na ausência de etanol inicial. A produção de etanol nos dois meios foi baixa. A presença de etanol inicial no caldo de cana-de-açúcar causou uma redução de 48,8% na produção de etanol, de 25% na produção de biomassa e de 28,3% no consumo de açúcar total. A presença de etanol inicial ao meio não teve efeito significante para a produção de levana e no coeficiente de produtividade em biomassa (g biomassa/g açúcar consumido).
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